Introduction {#sec0001}
============

Information and communication technology (ICT) refers to the use of various computer-and mobile device-based technologies (e.g., Internet, email, text messages, Twitter, and other technologies) in order to communicate, access, and store information between individuals and organizations ([@bib0004]; [@bib0015]; [@bib0036]).

Although older adults lag behind younger populations in Internet use, studies have found regular use of ICT in this population ([@bib0008]; [@bib0019]; [@bib0023]). Also, the rate had increased from 1% in 2000 to 67% in 2016 according to the data from the Pew Internet Research Projects ([@bib0002]). Specifically, 42% of older adults had smartphones and 34% used social networking sites in 2016 ([@bib0002]). In addition, one study reported that older adults exchanged an average of 64 text messages per month ([@bib0032]).

Use of ICT by older adults varies according to sociodemographic factors. Older adults who are ICT users are more likely to be non-Latino white ([@bib0007], [@bib0008]; [@bib0045]), younger, married, and have a higher level of education ([@bib0008]; [@bib0019]; [@bib0036]). [@bib0036] found that older adults in England and Wales were more likely to use ICT if they had access to technology in home or family settings. Also, research has indicated that older adults are most likely to use ICT in order to stay in touch with family and friends ([@bib0005]; [@bib0044]). On the other hand, the major reasons older adults reported not using ICT were their disinterest or lack of motivation ([@bib0005]; [@bib0036]). Some evidence has shown that older adults' use of ICT was negatively associated with limited mobility ([@bib0019]; [@bib0048]), memory, and visual acuity ([@bib0019]).

Although older adults are increasing their use of ICT, there is limited research on the relationship between their ICT use and health status. A number of studies have shown that older adults used the Internet to access and communicate about health information ([@bib0008]; [@bib0012]; [@bib0019]). For example, the Pew Research Center found that 27% of adults aged 65 and older used the Internet to search for health and medical information ([@bib0049]). Some evidence shows that online health information seeking behavior is linked to better health status ([@bib0010]), but the association between specific types or purpose of Internet use and their health status has not been examined.

Research also shows mixed results regarding the impact of ICT use on the mental health of older adults. Some findings indicate that ICT use may increase protective factors for older adults' mental health, such as reduced loneliness and increased social contacts. For example, studies have reported that going online was negatively associated with loneliness ([@bib0009]; [@bib0039]), and reduced the probability of a depression state ([@bib0011]). Also, as one of the common communication technologies, video chat was associated with lower risk of developing depression ([@bib0042]). In a study of Taiwanese nursing home residents, depressive symptoms were decreased after a videoconference intervention that taught them how to use the Internet and to arrange videoconferencing appointments with their distant relatives ([@bib0043]). [@bib0037] also found an improvement in older adults' well-being, including feelings of depression and loneliness, in their ICT intervention study. They reasoned that learning how to use and communicate through ICT led to a psychological process of personal empowerment. Additionally, [@bib0017] examined an association between ICT use and psychological well-being (PWB) among adults aged 50 and above in Hong Kong. They found that ICT use was positively associated with PWB only among those aged 75 and over, and this relationship was further facilitated through contact with family members ([@bib0017]).

In contrast, some research on the relationship between ICT and depression in older adults reported little or no impact. [@bib0038] found no evidence that computer training and Internet usage had either a negative or positive influence on the well-being, mood, or social network of community-dwelling older healthy individuals in their one-year follow-up intervention study. In [@bib0047] intervention study, older adults in nursing homes or congregate housing who were trained to use the Internet reported less loneliness, less depression, and more confidence compared to the control group, but the changes were not statistically significant. Moreover, [@bib0003] found that interactive computer use with the right training conditions increased self-esteem and reduced depression in older adults, but the effect of interactions between the older adults and the computer-skills trainers was not factored into the analysis. [@bib0015] also found that ICT use was not associated with depression in older adults. As evidenced by the mixed outcomes in the literature, research has not yet revealed a consistent relationship between specific types of ICT uses and mental health status in the older adult population.

Recently, there has been an increased reliance on ICT in the health care delivery system. Nurses and their health care colleagues have incorporated these technologies to improve patient care, reduce costs, and increase the efficiency of their practice ([@bib0016]). However, nurses have not uniformly embraced ICT in their practice ([@bib0016]; [@bib0029]; [@bib0046]) despite some patients reporting that ICT afforded them more frequent and personalized treatment ([@bib0034]). As the number of older adults requiring health care services continues to increase, coupled with evidence that this population is expanding its use of ICT, it will be beneficial for nurses to understand how ICT can be employed to help older adults access and better utilize health care services.

Objectives {#sec0002}
----------

Given the unclear picture from existing data regarding the relationship between ICT use and health status and depression in older adults, additional evidence is needed to guide health and mental health care professionals who work with this population. A more thorough understanding of the type, level, purpose, and impact of technology use among older adults is needed to better inform health-directed interventions for this growing population. This study, therefore, investigated (1) the level and purpose of ICT use among older adults and (2) the association between levels of ICT use and older adults' self-rated health status and depressive symptoms.

Methods {#sec0003}
=======

Data and Study Sample {#sec0004}
---------------------

This cross-sectional study used data from the first round of the National Health and Aging Trends Study (NHATS). NHATS is a nationally representative panel study of Medicare beneficiaries aged 65 and older residing in the contiguous U.S. The data were sampled from the Medicare enrollment database as of September 30, 2010, using a stratified three-stage sample design and an oversampling of the oldest age group and Black, non-Latino individuals. The first round of NHATS was conducted in 2011 with a 71% response rate and 8,077 completed cases; these participants were re-interviewed annually in 2012, 2013, and 2014 ([@bib0030]). The data were publicly available and obtained from the NHATS research team after signing a user agreement.

This study used a community-based sample (N = 7,197), which excluded study respondents living in nursing homes (N = 468) or other residential care facilities (N = 412). In accordance with our study aims, we included only the sample respondents who were able to access ICT at home or elsewhere and knew how to use computer. From 5,809 older ICT users, we additionally excluded cases in which a proxy respondent completed the survey (N = 258), as some measures in the current study should be self-reported, and cases for missing variables (N = 575). Therefore, the current study sample was comprised of 4,976 older adults residing in the community.

Measures {#sec0005}
--------

### Outcome variables {#sec0006}

#### Health status {#sec0007}

. Self-reported general health status was measured on a five-point Likert scale (1 = poor, 2 = fair, 3 = good, 4 = very good, and 5 = excellent).

#### Depressive symptoms {#sec0008}

Levels of depressive symptoms were measured by the Patient Health Questionnaire 2 (PHQ-2; [@bib0027]). The PHQ-2 asks about frequencies of two depressive symptoms, depressed mood and anhedonia, and has been validated as a brief screening tool for detecting major depression in older adults using a nationally representative sample ([@bib0028]). In the NHATS surveys, the respondents were asked to evaluate how often, in the past month, (1) they had little interest or pleasure in doing things; and (2) they felt down, depressed, or hopeless. Both questions were measured on a four-point scale from 0 (*not at all*) to 3 (*nearly every day*), and these questions were to summed for a total score ranging from 0 to 6. [@bib0027] used a PHQ-2 total score of 3 to determine a positive screen for major depressive symptoms. We adopted this cut point to categorize the older adult respondents into three depressive symptom groups: no depressive symptoms (0), mild depressive symptoms (1 or 2), and major depressive symptoms (3 to 6). The no depressive symptoms group was used as a base outcome in the multinomial logistic regression model.

### Explanatory variables {#sec0009}

#### Information and communication technology use {#sec0010}

In the NHATS surveys, the respondents were asked whether and how often, in the past month, they ever sent messages by email or text (communication technology, CT), and if they had ever used the Internet or gone online for any reason other than emailing or texting (information technology, IT). The respondents provided details about their IT use, including if they used the Internet for completing certain instrumental activities of daily living (i.e., shopping, paying bills/banking, or ordering prescriptions) and seeking health-related information (i.e., contacting medical providers, handling health insurance matters, or getting information about their health conditions). Respondents who used both CT and IT were identified as ICT users. A four-group classification was used in the current study: ICT users, CT only users, IT only users, and non-users. The non-user group was used as a referent category in multivariate analyses.

### Control variables {#sec0011}

#### Health conditions {#sec0012}

We measured three aspects of health conditions: cognitive function, number of chronic diseases, and physical capacity. Cognitive function, which consisted of self-reported memory status at the time of interview, was measured on a five-point scale (1 = poor, 2 = fair, 3 = good, 4 = very good, and 5 = excellent). Number of chronic diseases was measured by summing nine possible chronic health conditions for which each individual had ever been diagnosed by a doctor (range = 0 to 5, where 5 equals five to nine chronic conditions). Physical capacity was measured at the lower and higher level of functional capacities. The respondents were asked in the past month, (1) whether they had difficulty with physical movements and (2) if they responded affirmatively, whether it was without help from another person or without any assistive devices (e.g., cane, walker). Physical movements included six pairs of less challenging and more challenging tasks (e.g., walking three and six blocks, going up 10 and 20 stairs). We used the two-dimensional physical capacity measures developed and validated by [@bib0018]: (1) inability to do any less challenging task and (2) ability to do all more challenging tasks (1 = yes for each).

#### Participation in activities {#sec0013}

We measured respondents' social network size as well as participation in social and physical activities. Social network size was measured by the number of people the respondents talked with most often about important things in the past year (range = 0 to 5). For participation in social activities, we measured in the past month, (1) whether respondents visited family or friends, and (2) whether respondents attended clubs, classes, or organized activities (1 = yes for participation in each activity). Participation in physical activity was measured by combining responses for the following items: (1) whether the respondent had ever walked for exercise in the past month and (2) whether the respondent had spent time on vigorous activities (e.g., working out) in the past month. Physical activity participation was classified into three groups: inactive, walking for exercise only, and participating in vigorous activities alone or with walking. The inactive group was used as a referent category in the multivariate analyses.

#### Sociodemographic variables {#sec0014}

We included age, gender (1 = male), marital status (1 = married or partnered), being employed for payment (1 = yes), race/ethnicity, level of education, and income. Race/ethnicity was categorized into four groups: non-Latino white, African American, Latino, and other races. The Latino group was used as a referent category in the multivariate analyses. Education was measured on a five-point scale (1 = less than 12th grade, 2 = high school diploma or GED, 3 = Associate\'s degree or some college, 4 = Bachelor\'s degree, and 5 = graduate degree). Total income was reported either as collected amount of possible income sources and assets (56%), or as one of five bracketed ranges (13%). [@bib0031] provided five imputed values of a total annual income amount for missing cases and bracketed responses, using a cyclical n-partition hot deck treatment. Due to high skewness, we used log-transformed values of the five imputed annual income variables in the multivariate analyses.

Statistical Methods {#sec0015}
-------------------

Since the NHATS data were obtained using a complex survey design, we used weighted statistics with analytic sample weights for all data analyses. Using Stata 13.0 ([@bib0040]), we also conducted Taylor series linearization method and subpopulation analyses to compute correct variance and standard errors (S.E.). The adjusted Wald F-statistics estimated the differences in ICT user groups in sample characteristics ([Table 1](#tbl0001){ref-type="table"} ) and purposes of ICT use ([Table 2](#tbl0002){ref-type="table"} ). Using mi estimate command, we estimated model F tests (equal fraction of missing information, FMI) from five data sets (i.e., each data set included a different imputed income variable from five imputed values, and other variables remained the same), and adjusted coefficients and S.E.s for the variability between imputations in multiple regression analysis ([Table 3](#tbl0003){ref-type="table"} ) and multinomial logistic regression analysis ([Table 4](#tbl0004){ref-type="table"} ). Confidence intervals (CI) were set at 95%.Table 1Weighted Means (SE) or Percentages for Outcome and Control Variables by ICT User GroupsTable 1*M (SE)* or %ICTCT onlyIT onlyNon-usersTotal*p*-value[a](#tb1fn1){ref-type="table-fn"}Outcome variables Health Status (range: 1 -- 5)3.7 (0.03)3.3 (0.08)3.3 (0.06)3.1 (0.03)3.4 (0.02)\< .001 Depression: no symptoms67.261.655.152.059.5\< .001  Mild depression25.824.131.130.328.1  Major depression7.014.313.817.712.5Control variables Age (range: 65 -- 100)71.8 (0.12)73.8 (0.39)72.6 (0.30)75.9 (0.16)73.7 (0.09)\< .001 Married/partnered (1=Yes)70.966.368.955.764.1\< .001 Gender (1=Male)47.342.253.742.945.7\< .001 Race and ethnicity: Latino3.04.35.19.56.0\< .001  White, non-Latino90.983.685.175.483.5  Black, non-Latino3.86.67.111.87.6  Others, non-Latino2.35.52.73.32.9 Education (range: 1--5)3.4 (.04)2.8 (.08)2.8 (.06)2.2 (.03)2.8 (.04)\< .001 Paid work (1=Yes)30.924.623.412.722.3\< .001 Cognitive function (1--5)3.7 (.02)3.5 (.06)3.4 (.04)3.2 (.02)3.5 (.01)\< .001 Chronic diseases (0--5)2.0 (.03)2.3 (.10)2.4 (.07)2.5 (.03)2.3 (.02)\< .001 Unable to do any less challenging task (1=Yes)17.028.724.742.829.1\< .001 Able to do all more challenging tasks (1=Yes)49.538.738.028.439.1\< .001 Visiting family or friends (1=Yes)93.992.189.585.790.0\< .001 Attending clubs or organized activities (1=Yes)54.139.136.227.040.4\< .001 Physical activity participation: inactive group17.530.224.737.327.1\< .001  Walking only for exercise24.425.728.733.928.8  Vigorous activity58.144.046.628.844.1 Size of social network (range: 0--5)2.2 (.05)2.0 (.09)1.9 (.07)1.8 (.04)2.0 (.04)\< .001  Unweighted observations*n* = 1,802*n* = 254*n* = 388*n* = 2,532*n* = 4,976[^1][^2]Table 2Older Adults' Information and Communication Technology Use for Specific PurposesTable 2Information Technology UseICTIT onlyTotal*p*--value[a](#tb2fn1){ref-type="table-fn"}*n* = 1,802*n* = 388*n* = 2,190IT use for personal tasks (%)Shop for groceries or personal items (1=yes)35.413.832.0\< .001Pay bills or do banking (1=yes)49.317.844.2\< .001Order or refill prescriptions (1=yes)19.95.517.6\< .001IT use for health related information (%)Contact any of medical providers (1= yes)17.95.515.9\< .001Handle Medicare or health insurance matters (1=yes)13.62.311.8\< .001Get information about health conditions (1=yes)40.115.436.2\< .001Communication Technology UseICTCT onlyTotal*p*--value[a](#tb2fn1){ref-type="table-fn"}*n* = 1,802*n* = 254*n* = 2.056Rarely15.137.917.4\< .001Frequency of sending messages by email or texting (%)Some days28.435.629.1Most days56.526.553.5[^3][^4]Table 3Multiple Regression Analysis of Self-reported Health Status among Older Adults, Weighted Estimates (N=4,976)Table 3VariableB (*SE*)βICT use groups: Non-users (Reference) IT use only-.01 (.06)-.00 CT use only-.01 (.07)-.00 ICT use.13 (.04)^⁎⁎^.05Age.01 (.00)^⁎⁎⁎^.07Race and ethnicity: Latino (Reference) White, Non-Latino.25 (.06)^⁎⁎⁎^.09 Black, Non-Latino.08 (.07).02 Other, Non-Latino.07 (.09).01Married/partnered (1 = yes).04 (.03).02Gender (1 = male)-.22 (.03)^⁎⁎⁎^-.10Education.07 (.01)^⁎⁎⁎^.04Log of annual income.02 (.01)\*.03Paid work (1 = yes).09 (.03)^⁎⁎^.03Size of social network.01 (.01).01Cognitive function.23 (.02)^⁎⁎⁎^.20Number of chronic diseases-.23 (.01)^⁎⁎⁎^-.29Unable to do any less challenging task (1 = yes)-.47 (.03)^⁎⁎⁎^-.20Able to do all more challenging tasks (1 = yes).23 (.03)^⁎⁎⁎^.09Visiting family or friends (1 = yes).11 (.05)\*.03Attending clubs or organized activities (1 =yes).12 (.03)^⁎⁎⁎^.05Physical activity participation: Inactive group (Reference) Walking only for exercise.03 (.03).01 Vigorous physical activity.18 (.04)^⁎⁎⁎^.08Constant1.47 (.21)^⁎⁎⁎^Equal FMI *F* Statistic*F*(20, 54) = 280.03^⁎⁎⁎^R^2^.444[^5][^6]Table 4Multinomial Logistic Regression Predicting Levels of Depressive Symptoms among Older Adults, Weighted Estimates (N = 4,976)Table 4Mild Depressive Symptoms Group [a](#tb4fn1){ref-type="table-fn"}Major Depressive Symptoms Group[a](#tb4fn1){ref-type="table-fn"}VariableOR95% CIOR95% CIICT use groups:Non-users (Reference)11IT use only1.200.90-1.601.100.73-1.65CT use only0.850.58-1.251.030.64-1.68ICT use1.050.87-1.260.7^⁎⁎^0.56-0.91Age0.98^⁎⁎⁎^0.97-0.990.96^⁎⁎⁎^0.94-0.97Race and ethnicity:Latino (Reference)11White, non-Latino1.210.86-1.710.870.54-1.39Black, non-Latino1.280.91-1.790.870.53-1.43Other, non-Latino1.090.65-1.820.990.48-2.08Married/partnered (1 = yes)0.84\*0.72-0.980.69^⁎⁎^0.54-0.88Gender (1 = male)1.010.85-1.221.34\*1.03-1.75Education0.91\*0.84-0.980.89\*0.81-0.97Log of annual income0.990.93-1.071.010.94-1.09Paid work (1 = yes)0.840.68-1.030.65^⁎⁎^0.47-0.89Size of social network1.09^⁎⁎^1.03-1.171.080.99-1.17Cognitive function0.72^⁎⁎⁎^0.66-0.780.60^⁎⁎⁎^0.54-0.68Number of chronic diseases1.18^⁎⁎⁎^1.11-1.251.24^⁎⁎⁎^1.16-1.33Unable to do any less challenging task (1 = yes)1.34\*1.08-1.682.03^⁎⁎⁎^1.54-2.68Able to do all more challenging tasks (1 = yes)0.59^⁎⁎⁎^0.48-0.730.780.57-1.07Visiting family or friends (1 = yes)1.060.85-1.330.850.62-1.15Attending clubs or organized activities (1 = yes)0.77^⁎⁎^0.65-0.920.54^⁎⁎⁎^0.42-0.69Physical activity participation:Inactive group (Reference)11Walking only for exercise0.870.70-1.100.61^⁎⁎⁎^0.47-0.79Vigorous physical activity0.840.67-1.040.50^⁎⁎⁎^0.38-0.65Equal FMI *F* statistic*F*(42, 53.5) = 36.15^⁎⁎⁎^[^7][^8]

Results {#sec0016}
=======

Descriptive Data {#sec0017}
----------------

[Table 1](#tbl0001){ref-type="table"} provides descriptive statistics of the study sample. Respondents' age ranged from 65 to 100, with a mean of 73.7 years. The majority (83.5%) of respondents were white, nearly two-thirds (64.1%) were married or partnered, and just over half (54.3%) were women. The respondents' average level of education was an associate degree, and less than a quarter (22.3%) were employed for payment.

Regarding their health conditions, respondents reported an average of two or more chronic diseases, and the average self-reported cognitive function (i.e., memory status) was *good* to *very good* (M = 3.5, S.E. = 0.01). On average, the sample respondents also reported their health status as *good* to *very good* (M = 3.4, S.E. = 0.02). Approximately 29% of respondents were not able to do any physically less challenging task presented, and 39.1% were able to do all of more physically challenging tasks. About 40% of respondents had experienced depressive symptoms either as major depression (12.5%) or mild depression (28.1%).

Ninety percent of the respondents reported visiting family and friends, whereas less than half (40.4%) had attended clubs, classes, or organized activities within the past month. The respondents reported talking with two persons, on average, about important aspects of their lives in the past year (i.e., a size of social network). Regarding physical activity, in the month prior to taking the survey, 44.1% of respondents had engaged in vigorous activity and 28.8% had walked only for exercise.

Level of ICT Use {#sec0018}
----------------

In addition to providing the overall characteristics of the sample, [Table 1](#tbl0001){ref-type="table"} presents differences in covariates of ICT use by the four ICT user groups: ICT users, IT only users, CT only users, and non-users. Approximately 50% of respondents reported using digital technology in the past month; 36.2% of older adults used ICT, 5.1% used only CT, and 7.8% used only IT. Overall, ICT users were identified as being younger, white, married or partnered, female and a paid employee, having a higher educational level, a larger social network size and good overall self-reported health, and actively engaged in social or physical activities as compared to CT only users, IT only users, and non-users (all at p \< .001).

While non-Latino whites were more likely to use the Internet for ICT, the respondents of other races/ethnicities were disproportionately represented in the CT only user group, and African Americans and Latinos were overrepresented among non-users. Men were less likely to be ICT users than women, but were overrepresented among IT only users. Women were disproportionately represented among CT only users.

Non-users (17.7%) were more than twice as likely as ICT users (7%) to have major depressive symptoms. Older adults with mild depressive symptoms were overrepresented in the IT only users (31.1%) and non-users (30.3%). Non-users were more than twice as likely to not socialize with family and friends compared to ICT users (14.3% vs. 6%). About 54% of ICT users attended clubs or organized activities compared to only 27% of non-users. Non-users (37.4%) and CT only users (30.2%) were more likely to be physically inactive than other groups. Older adults who walked only for exercise were overrepresented among the IT only users.

Purpose of ICT Use {#sec0019}
------------------

As seen in [Table 2](#tbl0002){ref-type="table"}, older adults who used IT were more likely to use the Internet for the personal tasks of paying bills or banking (44.2%) and shopping for groceries or personal items (32%) and to seek information about health conditions (36.2%). More than half (53.5%) of CT users texted or emailed on "most" days, while 29.1% used CT on "some" days in the past month. Older ICT users were actively using technology for various purposes than IT or CT only users.

Self-reported Health Status {#sec0020}
---------------------------

[Table 3](#tbl0003){ref-type="table"} presents the estimated coefficients and standard errors predicting self-reported health status of older adults from multiple regression analysis after controlling other covariates. The model explained 44.4% of the variance in self-reported health status of older adults. As expected, level of educational attainment (β = .04, p \< .001) and annual income (β = .03, p \< .05) were positively associated with self-reported health status. Being non-Latino white (β = .09, p \< .001) and a paid employee (β = .03, p \< .01) as well as advanced age (β = .07, p \< .001) were also associated with better health status. Older men were more likely to report worse health status than older women (β = -.10, p \< .001).

Overall, all variables from the health conditions domain were highly associated with better self-reported health status: higher cognitive function (β=.20, p\<.001), fewer number of chronic diseases (β = -.29, p \< .001), and better physical capacity at the lower end (β = -.20, p \< .001) and higher end (β = .09, p \< .001). Participation in social or physical activity was also associated with better health status: visiting family or friends (β = .03, p \< .05), attending clubs or organized group activities (β = .05, p \< .001), and regularly engaging in vigorous physical activity (β = .08, p \< .001) in the past month. Among the ICT use groups (i.e., IT use, CT use, ICT use), ICT users were more likely to report better health status than non-users (β = .05, p \< .01).

Depressive Symptoms {#sec0021}
-------------------

[Table 4](#tbl0004){ref-type="table"} presents odds ratios (OR) to predict levels of depressive symptoms of older adults from multinomial logistic regression analysis after controlling other covariates. Among sociodemographic variables, advanced age (OR = 0.98, CI: 0.97 -- 0.99; OR = 0.96, CI: 0.94 -- 0.97), being married or partnered (OR = 0.84, CI: 0.72 -- 0.98; OR = 0.69, CI: 0.54 -- 0.88), and level of educational attainment (OR = 0.91, CI: 0.84 -- 0.98; OR = 0.89, CI: 0.81 -- 0.97) were associated with a decreased likelihood of experiencing mild and major depressive symptoms, respectively. Cognitive function (OR = 0.72, CI: 0.66 -- 0.78; OR = 0.60, CI: 0.54 -- 068) was also associated with a decreased likelihood of experiencing mild and major depressive symptoms, whereas having more chronic diseases (OR = 1.18, CI: 1.11 -- 1.25; OR = 1.24, CI: 1.16 -- 1.33) and worse physical capacity at the lower end (OR = 1.34, CI: 1.08 -- 1.68; OR = 2.03, CI: 1.54 -- 2.68) were associated with an increased likelihood of experiencing both mild and major depressive symptoms. Attending clubs or organized activities in the past month (OR = 0.44, CI: 0.65 -- 0.92; OR = 0.54, CI: 0.42 -- 0.69) was also associated with a decreased likelihood of experiencing both mild and major depressive symptoms.

Some covariates were differently associated with levels of depressive symptoms. For example, size of social network (OR = 1.09, CI: 1.03 -- 1.17) and a high level of physical capacity (OR = 0.59, CI: 0.48 -- 0.73) were associated with a likelihood of experiencing mild depressive symptoms. However, being male (OR = 1.34, CI: 1.03 -- 1.75), a paid employee (OR = 0.65, CI: 0.47 -- 0.89), walking for exercise (OR = 0.61, CI: 0.47 -- 0.79), and engaging in vigorous physical activity (OR = 0.50, CI: 0.38 -- 0.65) were associated with a likelihood of experiencing major depressive symptoms. Among three types of ICT use groups, ICT users (OR = 0.7, CI: 0.56 -- 0.91) were less likely to experience major depressive symptoms than non-users.

Discussion {#sec0022}
==========

This study explored differences in the levels and purposes of ICT use among older adults and examined the influence of different levels of ICT use (i.e., ICT, IT only, and CT only) on respondents' self-reported health status and levels of depressive symptoms. Our findings revealed that 49.1% of respondents used ICT, IT, or CT. Of note, the sample included only older adults who were able to access ICT at home or elsewhere and knew how to use computer. Research examining older adults' use of technology using the same data from the 2011 NHATS ([@bib0015]; [@bib0019]) did not apply this inclusion criterion, which explains the higher ICT use level in this study. However, a recent report from the Pew Research Center revealed that 67% of adults 65 and older in the U.S. reported going online in 2016 ([@bib0002]). This finding, which points to an upward trend in Internet use among older adults, is likely to continue to increase over time, and it lends support for utilizing ICT to better manage older adults' physical and mental health.

The current study corroborates prior research findings that older adults' technology use is significantly associated with race/ethnicity, marital status, gender, employment status, and social and physical activity. For example, non-Latino white older adults were more likely to use some forms of ICT compared to their Black and Latino counterparts ([@bib0007], [@bib0008]; [@bib0045]). Whereas the majority (83.5%) of Medicare beneficiaries were non-Latino white in our sample, coupled with a study inclusion criterion that required some forms of access to ICT, previous studies using samples with a majority of racial and ethnic minority respondents have reported low utilization of ICT among older adults. For example, [@bib0045] reported rates of computer use for email (23%) and general Internet use (26%) in a sample that was 62.6% non-white. Similarly, [@bib0007] reported a 17% ICT use rate in a sample of low-income older adults in which 57.7% identified as non-white, racial and ethnic minorities. Such racial and ethnic disparity in ICT use is noteworthy.

The finding that married or partnered older adults were more likely to use ICT than single older adults is in line with other studies ([@bib0008]; [@bib0019]; [@bib0044]). It can be argued that older adults living alone might experience enhanced social benefits by using ICT because it can reduce social isolation. However, married or partnered older adults appear to be taking advantage of ICT at higher rates. There are two possible explanations for this outcome: (1) married or partnered older adults may help each other learn how to use ICT and subsequently increase their motivation to use this technology; and (2) it is also possible that older married or partnered couples may have a higher level of income or access to ample resources so that they can afford an Internet service and digital devices (e.g., computer, tablet, or smartphone).

Among ICT users in this study, older women were more likely to use ICT than older men. Previous findings on gender disparities in ICT use have revealed mixed results. [@bib0033] reported little difference by gender for Internet use across all age groups. For older adults, [@bib0019] found that men were more likely to use ICT, yet other studies found no significant association between gender and ICT use ([@bib0007], [@bib0008]). A nuanced understanding of gender differences in ICT use can be achieved by investigating the older adult\'s purpose for ICT use. For example, our findings revealed that women were more likely to use only CT, whereas men were more likely to use only IT. These findings lend support for older women\'s ICT use more so for social rather than instrumental purposes ([@bib0024]). Moreover, older ICT users utilized technology for various purposes while IT users were limited to certain activities such as banking (44.2%), shopping (32%), and health condition-information search (36.2%). To increase older adult IT user\'s motives for utilizing technology that go beyond a single application for activities such as banking, a health-related mobile application (app) can be introduced so they can easily access health information without needing to execute complicated and multistep web searches. Additionally, to accommodate a CT user\'s context in which more than half (53.5%) texted or emailed on "most" days and 29.1% on "some" days in the past month, health care providers could send daily or weekly health-related information via text, email, or the institution\'s official mobile application. An easy-to-use app is feasible for both patients and institution because it can protect patients' personal information while tailoring to each patient\'s health-related issue and delivery preference. Efforts to increase ICT use among older adults may initially need to be adjusted to the current and potential users' main motivations for technology use before moving to a more integrated use of CT and IT.

Older ICT users in this study were more likely to be socially active (i.e., visited family or friends and attended clubs or organized activities) because those who are more socially engaged may recognize the benefits of ICT use and have the resources to use technology for sharing information and communicating with others in their social network. Using ICT with peers and the organizations with which they are involved might reinforce their continued use ([@bib0025]), more so than for those who are not as socially active and have fewer opportunities to connect with others through ICT. Programs and classes that teach older adults to use ICT should consider doing so in a social context that incorporates social network members and community representatives.

Interestingly, our findings revealed that physical inactivity was higher among non-users, followed by CT only users, whereas physical activity participation was higher among ICT users. It is unclear how physical activity participation is differently associated with levels of ICT use due to the limited information we have about this relationship. However, it is assumed if older adults who may experience physical activity challenges are able to use CT, they can continue socializing with others online using a communication technology tool. The current study also found that older adults were less likely to use ICT when they experienced more limitations in physical capacity, such as their ability to walk or climb stairs independently ([@bib0019]). Our findings underscore the need to carefully consider older adults' physical capacity and engagement in physical activities in understanding ICT use, and how these factors may affect their desire and ability to use ICT. More research is warranted in uncovering a relationship between physical capacity, physical activity participation, and levels of ICT use among older adults.

Additionally, this study found that self-rated health status differed based on levels of ICT use (i.e., IT use, CT use, ICT use). Specifically, there was a positive relationship between ICT use and self-rated health status. [@bib0019] reported that higher self-rated health status was significantly associated with more technology use. Similarly, [@bib0013] found that older adults who used computers were significantly healthier than older adults who did not use computers. Yet, other studies found that technology use was not significantly associated with older adults' self-rated health status ([@bib0005]) or ill-health ([@bib0015]), but positively associated with chronic health conditions ([@bib0007]).

Interestingly, [@bib0021] found that the significant negative relationship between Internet use and self-rated poor health status went away after social class was factored into their statistical model. They posited that the relationship between the digital divide (Internet users vs. non-users) and health status would reflect socioeconomic inequalities in health among older adults. On the contrary, the current study found a positive association between ICT use and self-reported health status after controlling socioeconomic status variables (i.e., annual income, education level, employment for payment). Unlike [@bib0021] focus on the digital divide, the present study attempted to unveil digital inequalities in ICT use and explored how they were reflected in a relationship with self-reported health status among older adults who were able to access to the Internet and knew how to use computer. Because the study sample is comprised of Medicare beneficiaries residing in the community, it is also possible that their overall health status would be better than that of older adults living in nursing homes or other care facilities. More research is needed to explore the relationship between digital inequalities and health status with diverse samples of older adults who might have less access to resources based on educational level, racial and ethnic minority status, and care needs.

Regarding depressive symptoms, some studies have found a negative association between technology use and depression ([@bib0011]; [@bib0037]) and loneliness ([@bib0009]; [@bib0037]; [@bib0039]) in older adults. The present study revealed that ICT use was negatively associated with experiencing major depressive symptoms after controlling other covariates; however, it was not associated with experiencing mild depressive symptoms. Our finding regarding major depressive symptoms is in contrast to those of other studies that analyzed NHATS data and did not find a link between ICT use and depression ([@bib0008]; [@bib0015]). [@bib0007] found that low-income homebound older adults who reported a diagnosis of depression used the Internet more than older adults who were not depressed. The discrepancies between these findings may be attributed to differences in samples (e.g., community-based sample vs. low-income homebound older adults), respondent eligibility criteria, or analytic strategies. However, they highlight a need for further research regarding the relationship between ICT use and depressive symptoms in older adults. A more thorough understanding of the diversity in ICT use among older adults and its association with different levels of depressive symptoms may be used to support better access to mental health care services in this population by utilizing digital technology in the current health care system.

Overall, the mixed outcomes suggest that the link between technology use and health is complex and merits further investigation. The combination of access to information and use of the Internet to build social support might strengthen health status, as [@bib0015] speculated. Alternately, as evidenced by [@bib0007], older adults with depression were more likely to use the Internet than those without depression, and older adults who experience poor health but are able to access and use technology may be motived to use technology for health-related purposes (e.g., searching for health information or communicating with healthcare providers). More research needs to test potential moderating factors that may affect the relationships between technology use and physical and mental health status. Also, the ability of older adults to use ICT in this study may be due, in part, to their higher cognitive functioning based on their self-reported health status. As noted previously, the community-dwelling Medicare beneficiaries in the current study are likely to have better health status than persons with more health care needs (e.g., homebound older adults, nursing home residents), or racial and ethnic minority older adults. Future research needs to replicate our study to elucidate how specific types of technology use (i.e., ICT, IT, and CT) are associated with health status using diverse samples of older adults and detailed measures of digital technology use.

In order to increase ICT use in the older adult population, with a particular focus on augmenting health care service delivery and promoting patient self-management, tailored interventions are needed to introduce older adults to the variety and power of technologies that are available. These interventions can consist of didactic and experiential learning exercises that will serve to enhance their self-efficacy ([@bib0014]; [@bib0025]), reduce distrust in technology ([@bib0026]), and leverage peer support to improve uptake ([@bib0025]). These interventions will also focus on teaching older adults various ways that they can obtain health-related information, communicate with their health care provider, and become active participants in their care (self-management). To make the learning exercises as successful and useful as possible, it is also recommended that older adults play a role in their design and implementation ([@bib0026]). It is noteworthy that some older adults are limited to using technologies for only IT or CT purposes. Therefore, health care providers should consider the sociodemographic and health characteristics of their patients as they begin to integrate specific technologies into the health treatment plan. Then, based on the outcome of this simple technology use, they can eventually integrate ICT in the health management and treatment of older adult patients. Ultimately, the long-term goal is for health care programs to reduce the gaps between different levels of technology use as well as disparities between non-users and users in the older population through the gradual integration of technology into the overall treatment approach.

The need for older adults to have easily accessible and remote access to health care resources and providers through digital technology has never been more pressing as the world contends with the novel coronavirus (COVID-19) pandemic. In a recent study of online epidemic-related consultations from Internet hospitals in China, [@bib0020] reported the discrepancy between counselees' motivation for visits and the doctors' recommendation for offline visits, thus indicating improper medical-seeking behaviors among potential patients with varying degrees of symptoms of, or similar to COVID-19. Nursing professionals can play a pivotal role in facilitating epidemiological screening for older adults, those who would fall in a high-risk group for infection and mortality, using digital technology. ICT-based screening and consultation with nursing professionals can help older adults access adequate health-related information, engage in social/physical distancing while seeking proper medical behaviors, and reduce the likelihood of being potentially infected by avoiding interactions with multiple individuals. Also, ICT in this context would provide a lifeline to older adults who wish to communicate with their providers, help reduce social isolation, offer information and resources in addition to what is shared in the media, and promote a sense of agency by giving older adults resources to help them manage during a public health crisis.

Study Limitation {#sec0023}
================

This study had several limitations. First, according to our research objectives, the current study sample was limited to only community-dwelling older adults who were able to access ICT at their home or elsewhere and knew how to use computer. Additionally, the study sample did not include older adults who used a proxy to complete the survey, due to their health conditions or language barriers. Therefore, these selection criteria may have excluded the most vulnerable older adults who have limited resources, complex health conditions, or language challenges. Second, the measures of CT use in the NHATS survey did not discriminate between emailing and texting. Third, other types of technology use, such as ebooks, Twitter, and other social networking sites, were not captured because the 2011 NHATS survey did not collect this information. Also, it did not factor in the level of accessibility (e.g., Wi-Fi speed) and mode of technology (i.e., smart phones, basic phones, computers, or tablets). Unlike the CT measure, the IT use variables (e.g., grocery shopping or contacting health care providers) measured only the respondents' purposes of Internet usage, not the frequency of such activities. Fourth, the cross-sectional research design limits inferences regarding causality or exploring a bi-directional relationship between ICT use and health and depressive symptoms among older adults.

Finally, as a successor to the 1982-2004 National Long-Term Care Survey, the NHATS has continued to study disability and health trends among older Medicare beneficiaries since 2011. The current study used data from the 2011 NHATS, which is comprised of the first cohort sample and the baseline data for the 2012-2014 NHATS. In 2015, the sample was replenished by adding an aged-in group, then this second cohort sample was used the second baseline data for the following 2016-2018 NHATS. Since our main research aim is to uncover ICT use patterns by levels and purposes, we selected to use first baseline data from the 2011 NHATS. By understanding ICT use patterns among older adults in the most available earlier cohort from the NHATS, the findings will be used as a groundwork for future research studies such as a trends study by comparing 2011 and 2015 NHATS, and panel studies using the follow-ups data in 2011-2014 NHATS.

Conclusion {#sec0024}
==========

As one of the few studies to examine differentiated technology use among older adults, our findings elucidate the association between ICT use and the health and mental health of this population. Empowering older adults to use ICT as a way to access health information and interface with their health care providers may enhance their sense of agency regarding the use of technology as a health management tool and help them achieve optimal health outcomes. These efforts are critically important as the prevalence of older adults who have or are at risk of developing multiple chronic conditions increases, especially at times with an increasing need for epidemic prevention and treatment around the world.

Promoting ICT utilization among older adults is only part of a complex equation that helps to improve population health. Nurses, who constitute the largest group of health care professionals in the U.S. ([@bib0001]), can incorporate ICT into their practice as a means to engage in better health promotion efforts and provide nursing care access to the greatest number of community members and patients. Studies have shown the benefit of nurse-led technology-based interventions among older adults in terms of reported user satisfaction, better quality of life and health status, and reduced nursing home admission and mortality ([@bib0006]; [@bib0035]; [@bib0041]). Limited health care resources coupled with increased demand for health care services support the use of technology as an important supplement to traditional in-person interactions. By incorporating ICT into nursing practice, patients can benefit from access to high quality health information, prevention strategies, and frequent communication with their nurse. Timely assessments and interventions, and enhanced service coordination can be of consequences ([@bib0046]). Further, strengthening the patient-nurse relationship through ICT use has the potential to improve the health outcomes of a population that is disproportionately affected by multiple chronic conditions, and provide vital access to health care services for older adults residing in rural settings.

Fortunately, with the implementation of the HITECH Act in 2009, an electronic health record (EHR) allows nurses to efficiently communicate updated health information (e.g., lab results, medication lists, clinical summaries) to patients, and it also provides patients with digital access to their health history. Also, the EHR can be used to remind patients about preventive or follow-up care, as well as provide patient-specific educational resources. This type of electronic communication, when done consistently and in a way that meets a patient\'s health information needs, can help foster a strong and trusting relationship between the nurse and patient.

As electronic communications gain a great foothold in health care systems, efforts are needed to support older adults with more health care needs in accessing and using digital technology. Our study points to disparities in older adults' ICT use based on sociodemographic and health characteristics. In response to these disparities, health care providers need to obtain a holistic understanding of an older adult\'s health conditions, their technology use intentions, and their protective factors for maintaining health and mental health as they relate to differences in ICT use. Thus, provisions in the HITECH Act grant the authority to tailor older adults' technology preferences by diversifying the information delivery system. Text, email, or mobile applications can be used as a delivery medium of choice for older adults given the complexity of conducting Internet searches and the possible resistance to using advanced technology. For example, reminders for preventive or follow-up care could be linked to the patients' mobile calendar app, so they could easily access such information. Also, a simple touch of an EHR mobile application can simplify the process in accessing relevant information along with training of the app operation from the hospital may increase accessibility and intimacy to ICT.

The role of ICT in the health care delivery system will continue to expand as more patients depend on technology to monitor and manage their health. This is particularly salient for the older adult population. Nurses are uniquely positioned to become leaders and innovators in the use of ICT to support the health and well-being of their patients. Achieving this leadership will require expanding ICT knowledge and skill development in nursing education, conducting rigorous research to examine how ICT influences nursing practice and nurses' work lives ([@bib0046]), and perceiving the role of ICT as a core value of the profession ([@bib0016]).

Uncited References: {#sec0025}
===================

[@bib0022]

Appendix. Supplementary materials {#sec0027}
=================================

Image, application 1

This research project was funded by the Endowed Research Fund from the University of Alabama, School of Social Work

Supplementary material associated with this article can be found, in the online version, at [doi:10.1016/j.outlook.2020.05.001](https://doi.org/10.1016/j.outlook.2020.05.001){#interref0001}.

[^1]: Notes: *M* = mean; *SE* = standard errors; ICT = information and communication technology; CT = communication technology; IT = information technology.

[^2]: ICT user groups differences were examined by *F*-statistic for continuous variables and by adjusted Wald *F* test for categorical variables, weighted estimates.

[^3]: Notes: *n* = unweighted observations; ICT = information and communication technology; CT = communication technology; IT = information technology.

[^4]: ICT user groups differences were examined by adjusted Wald *F* test, weighted estimates.

[^5]: Notes: SE = standard errors; ICT = information and communication technology; CT = communication technology; IT = information technology; FMI = fraction of missing information

[^6]: \**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

[^7]: Notes: OR = Odds Ratio; CI = Confidence Intervals; ICT = information and communication technology; CT = communication technology; IT = information technology; FMI = fraction of missing information.

[^8]: base outcome = No depressive symptoms group.

    \**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.
